ABSTRACT A one year study of the efficacy of the antifungal agent ketoconazole in non-invasive pulmonary aspergillosis was carried out. Ten patients, seven with allergic bronchopulmonary aspergillosis and three with mycetoma, were studied. They were randomly allocated to receive 400 mg daily or placebo orally in a double blind fashion. In the treated group (n = 6), concentrations of serum IgG specific for Aspergillusfumigatus fell significantly during treatment (mean reduction 42% (SEM 2 2%) compared with determinations preceding the study). This effect was evident by three months and continued for the 12 months of treatment. Patients receiving placebo (n = 4) showed no significant change in serum IgG concentration (mean change + 10% (SEM 5-3%)). Asthmatic patients treated with ketoconazole (n = 4) had significantly lower symptom scores than those receiving placebo (n = 3) (+ 0 45%/month (SEM 6-9%) versus + 27%/month (SEM 6 5%
Aspergillusfumigatus is associated with various respiratory disorders. Mycetoma and allergic bronchopulmonary aspergillosis are the most common noninvasive forms.
The most common symptoms caused by mycetoma are chronic small volume haemoptysis and cough. Major haemoptysis may cause death, however, in about 10% of sufferers.1 2 The development of invasive aspergillosis in these patients may also lead to death and may be more common than was previously realised. 2 Patients were required to give informed consent after the aims, conduct, and possible risks of the trial had been explained. In the event of adverse effects all patients had direct access to an investigator (DJS).
Trial of ketoconazole in non-invasive pulmonary aspergillosis Patients with mycetoma were admitted to the trial if they had definite radiographic features and aspergillus precipitins. Requirements for patients with allergic bronchopulmonary aspergillosis for entry into the trial are given in table 2, they are based on those of Rosenberg et al9 with the exception of bronchographic examination. We included an extra requirement that no clinical or immunological exacerbation should have occurred in the six months before the trial.
All patients entered the trial during one month, between October and November. The patients were randomly allocated to receive placebo or ketoconazole, 400mg daily, taken as a single daily tablet of identical appearance. The trial was conducted in a double blind fashion, the key being held by Jansen Pharmaceuticals Ltd. Symptoms, signs, spirometric results and treatment of all patients were reviewed at monthly intervals. Blood for determining IgG, IgE, and ketoconazole concentrations was obtained each month and stored at -20°C and monthly intervals. In addition to these assessments, asthmatic subjects kept a diary of their daily symptoms and medication. Symptoms were scored on a simple 0-3 system as follows: 0-no wheeze, cough, breathlessness, or other respiratory symptoms; I-symptoms present, but not requiring increased treatment; 2-symptoms requiring increased treatment, but not attendance of physician; 3 symptoms requiring increased treatment and attendance of physician.
The score obtained in the first month of the trial served as a baseline with which the subsequent months' scores were compared. Serum IgG to A fumigatus was determined by a quantitative, antibody capture, enzyme linked immunosorbent assay (ELISA). Two local strains of A fumigatus were used to provide antigen for the assay. The assay had intra-assay and interassay variability of less than 10% over the working range of the assay. IgG was expressed as a specific binding index (SBI) determined by comparison with precipitin positive and negative sera.'0 Total IgE was determined with the Phadenzyme PRIST assay system and specific IgE to A fumigatus by the Phadenzyme RAST method (Pharmacia Ltd). Serum ketoconazole concentrations were determined by high performance liquid chromatography on the monthly blood samples (Dr C Davies, Department of Clinical Pharmacology, Radcliffe Infirmary, Oxford). As blood collection was not fixed to the time of tablet ingestion the aim was to check compliance rather than to determine effective antifungal levels. been the administration of 0 5 mg/kg/day for 14 days during an acute exacerbation followed by the same dosage on alternate days for three to six months. 15 The drawbacks of this regimen are that a patient with repeated exacerbations3 10 would be exposed to an unacceptable amount of corticosteroid. A study of ketoconazole was therefore thought to be reasonable.
In previous studies of antifungal treatment various markers of disease activity have been used. These have varied from clinical state, in terms of symptoms or of time lost from work, to clearance of A fumigatus from the sputum or radiological and immunological changes.5-8 In mycetoma assessment of response to treatment is fairly easy, as the condition is relatively stable and there are good radiological and immunological markers. In allergic bronchopulmonary aspergillosis, where the natural history is of relapse and remission, clinical assessment alone is inadequate as significant immunological exacerbation may occur without symptoms,'3 while improvement of symptoms may reflect improvement of asthma rather than of the aspergillosis.3 Sputum culture for A fumigatus is also an inadequate means of assessment since 40-50% of patients do not have positive cultures and sputum positivity is considered a minor diagnostic criterion compared with immunological markers in allergic bronchopulmonary aspergillosis.'4 16 17 Immunoglobulin E and G levels have been shown to rise during episodes of asymptomatic pulmonary eosinophilia,'3 and with the quantitative ELISA used in this study IgG concentrations have been shown to change significantly with clinical and radiological exacerbation and systemic corticosteroid treatment in individual patients.10 Hence in the study reported here clinical, radiological, and immunological features of disease activity were followed over a 12 month treatment period.
Starting the study in the autumn allowed the pretrial clinical and immunological assessments to be made at a time when exacerbation rates are lowest. Thus the pretrial antibody levels started from remission values and would not bias the effect of the drug in favour of reduction. Furthermore, this starting point increased the chance of detecting exacerbation during the first autumn and winter period of the study.
Ketoconazole treatment led to reduction of specific IgG antibody at one and two months, but a significant reduction only occurred after three months of treatment, which may reflect the slowness of fungal eradication or the effect of higher atmospheric spore counts during the autumn, when this study started.'8 20 Edwards and La Touche,7 when studying natamycin found that eradication of fungus from the sputum took on average six weeks, although some patients still had positive cultures after 13 weeks of treatment.
Despite the small numbers of subjects, total and specific serum IgE concentrations also showed a significant reduction after ketoconazole treatment.
The reduction in the immune response to A fumigatus 29 30 has two possible benefits for the patient. Firstly, the reduction in IgE may lead to an improvement in asthma, as detected by the change in symptom scores of asthmatic patients in this study. Secondly, the lower IgG concentrations may lead to a reduction in the intensity of destructive type III reactions occurring in the lung.
While we accept that the changes in symptom scores may represent improvement of asthma rather than of allergic bronchopulmonary aspergillosis, unequivocal subjective benefit was gained by the ketoconazole group. This improvement in symptoms occurred without objective improvement of their asthma as both spirometric values and medication were unaffected by ketoconazole treatment. The effect on scores was not evident until the fifth month of treatment (fig 2) but continued to the end of the study. There was no increase in symptom scores with ketoconazole at the beginning of the second autumn period (months 10, 1 1, and 12), when exacerbation would be expected.
The use of ketoconazole is not without risks, which must be considered seriously if long term treatment is anticipated. The most serious complication, recognised before the recent publicity, is hepatitis,2" which has been fatal. Most problems, however, are minor and hepatic damage has an incidence of about I in 15000. 22 Ketoconazole therefore has to be used with discretion and long term treatment of mycetoma, usually a benign condition may be inappropriate. Allergic bronchopulmonary aspergillosis, however, is a chronic disorder, often beginning at an early age, which may lead to severe disability and death. Its incidence and prevalence are not known exactly, but it is still probably underdiagnosed."4 The frequency of diagnosis has increased in the United Kingdom and North America when it has been looked for. Around 7-22% of those with asthma in the UK may be affected, which indicates a fairly large population at risk from long term sequelae of the disease or from corticosteroid treatment. [23] [24] [25] Hence in allergic bronchopulmonary aspergillosis the risks of ketoconazole treatment become more acceptable.
This pilot study has shown benefits from the use of ketoconazole and suggests that further studies of its use in allergic bronchopulmonary aspergillosis may be warranted. 
